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We demonstrate that NMR-based metabolomics can be used to identify the country of growth (Japan or China) of Sophora flavescens plants. Principle 
Component Analysis (PCA) conducted on extracts of S. flavescens grown in China provided data distinct from that of extracts of plants grown in Japan. 
Loading plot analysis showed signals characteristic of Japanese S. flavescens. NMR analyses showed these signals to be due to kurarinol (1) and kushenol H 
(2). These compounds were confirmed by HPLC analysis to be distinctive markers for Japanese S. flavescens. 
 
Keywords:  NMR, Metabolomics, PCA, Sophora flavescens. 
 
 
 
The herbal drug “Sophorae Radix” (苦参), derived from the dry 
roots of Sophora flavescens Aiton (Leguminosae), is a common 
traditional medicine used to combat gastric disturbance, and for its 
antifebrile, anodyne and anthelmintic activities [1]. Systematic 
chemical studies revealed that the major constituents of Sophorae 
Radix are matrine alkaloids and a series of prenylated and 
lavandulated flavonoids [2, 3]. S. flavescens is native to Japan, 
China, Siberia and the Korean peninsula. To our knowledge, there 
have been no studies aimed at identifying differences in the 
components of S. flavescens grown in Japan and China. 
 
Metabolomics is defined as the qualitative and quantitative analysis 
of all metabolites in an organism [4]. Nuclear magnetic resonance 
(NMR) is a powerful method for such analyses because it allows 
simultaneous detection of diverse groups of primary and secondary 
metabolites [5]. The advantage of 1H NMR spectrometry over other 
metabolomics techniques is that the signal intensity is only 
dependent on the molar concentration of each compound in the 
solution, which allows the direct comparison of the concentrations 
of all compounds present in the sample [6]. 
 
We used 1H NMR-based metabolic analysis to evaluate differences 
in the chemical components of Japanese and Chinese S. flavescens. 
Methanolic extracts of the roots were partitioned between diethyl 
ether and H2O. The diethyl ether soluble fractions were dissolved in 
dimethyl sulfoxide (DMSO)-d6 at a concentration of 10 mg/mL for 
1H NMR measurements. Sixteen batches of root of S. flavescens 
grown in different areas of Japan and China were used (Table 1). 
Since various flavonoids showing structural diversity were isolated 
and identified from S. flavescens in a previous study [3], we here 
focused on the diethyl ether soluble fraction of the methanolic 
extracts in order to study a different set of flavonoids.  
 
1H NMR spectral data were processed using the program ‘Alice2 
for Metabolome’ version 5.0 (JEOL). This program can integrate 
NMR spectroscopy and multivariate pattern-recognition methods, 
such as Principle Component Analysis (PCA), into a single 
interface.  
 
The present study is part of a series of analyses of crude material 
mixtures from natural resources. We previously reported the 
categorization of mulberry leaves using ‘Alice2 for Metabolome’ 
[7]. We have also reported the identification of Glycyrrhiza species 
by direct analysis using real time mass spectrometry (DART-MS) 
[8], the application of diffusion ordered spectroscopy (DOSY), and 
relaxation ordered spectroscopy (ROSY) to analyze chalcones from 
Angelica keiskei [9]. 
 
Sixteen 1H NMR spectra were subjected to PCA. All the 348 
variables in the bucketed regions (see Experimental Procedures) 
were equally accounted for in the data sets. PCA models were 
depicted as score plots and consisted of two synthetic variables: 
principal component (PC) 1 (the greatest variance of data) and PC2 
(the second greatest variance of data, orthogonal with PC1). The 
PCA score plot of PC1 and PC2 showed a clear independent cluster 
formation (Figure 1). The scores of PC1, PC2 and PC3 and the 
residuals were 58.7, 18.4, 6.9 and 16.0%, respectively. The values 
of PC1 and PC2 were used to identify the origin (country and 
region) of each batch of roots. The score sum of PC1 and PC2 was 
77.1%, which is sufficient to identify the origin of the plant, with 
the exception of roots originating from Yamanashi in Japan. In the 
loading plot showing the most relevant variables for the 
differentiation of the two clusters of PCA score plot, presented in 
Figure 2, interesting signals at  0.92 and  0.96 aided 
classification, as they were clearly observed only in extracts of 
plants grown in Japan (Figure 3).  
 
To identify the origin of the signals at  0.92 and  0.96, extracts    
of Japanese S. flavescens were fractionated, the components 
isolated,  and their characteristic signals  monitored  using  1H NMR 
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      Table 1: Origins of batches of roots of S. flavescens. 
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Figure 1: PCA score plot of PC1-PC2, in which 348 variables were equally accounted 
for in the data sets. The underlined samples were harvested in Japan. 
 
spectroscopy. Dried root of S. flavescens harvested in Sagamihara, 
Japan was extracted with methanol. The methanolic extract was 
dissolved in water, partitioned with diethyl ether, and the diethyl 
ether fraction chromatographed on a silica gel column eluted with 
chloroform – methanol mixtures. 1H NMR analysis of these elutes 
showed distinctive signals at  0.92 and  0.96 in the chloroform – 
methanol (10:1) fraction. This was purified using reversed phase 
HPLC to obtain compounds 1 and 2, identified by NMR and MS as 
kurarinol [10] and kushenol H [11], respectively. The characteristic
signals at  0.92 and  0.96 were attributed to methyl groups arising 
from lavandulyl in both compounds by comparing the 1H NMR 
spectra of the isolates. The extract of S. flavescens harvested in 
Yamanashi in Japan, which was categorized as belonging to the 
cluster of Chinese S. flavescens, did not show the distinctive signals 
at  0.92 and  0.96. Our results indicate that these signals are 
important in discriminating between Japanese and Chinese             
S. flavescens.  
 
To verify these NMR metabolomics results using another method, 
we conducted HPLC analysis of Japanese and Chinese S. 
flavescens. Diethyl ether soluble fractions prepared as before were 
analyzed by reversed phase HPLC. Previously isolated kurarinol 
and kushenol H were used as authentic samples. Compounds 1 and 
2 were selectively detected in extracts of Japanese S. flavescens, 
except for the roots harvested in Yamanashi, as was the case with 
the NMR metabolomics analysis.  
 
In conclusion, NMR-based metabolomics (1H NMR spectral 
analysis coupled with PCA) was used to identify the country (Japan 
or China) and place of origin of S. flavescens. Loading plot analysis 
showed that compounds 1 and 2 were typical of Japanese S. 
flavescens. This study demonstrated that NMR-based metabolomics 
can generally differentiate between Japanese and Chinese S. 
flavescens. 
 
Experimental 
 
Sample collection: Sixteen batches of roots of S. flavescens were 
collected from different regions of Japan and China (Table 1). The 
harvest times of these samples are also listed in Table 1. All the 
voucher specimens, identified by Professor Yoshiaki Shirataki and 
Dr Tatsuo Fukuda, were deposited in the laboratory of 
Pharmacognosy & Natural Medicines, Faculty of Pharmaceutical 
Science, Josai University, Japan. Sample No. 16 (Sophorae Radix 
苦参, kujin) grown in Hebei, China, was obtained from UCHIDA 
WAKANYAKU Ltd (Tokyo, Japan). 
 
Apparatus and chromatographic conditions: A Shimadzu 
LC20A system was used comprised of a quaternary solvent delivery 
system, an on-line degasser, a column temperature controller, and a 
PDA detector coupled with an analytical workstation. A PEGASIL 
ODS column (Senshu Pak, 5 m, 150 x 4.6 mm) was used.         
The sample injection volume was 10 L, the detection wavelength  
 
 
 
Figure 2: Loading plot derived from the 1H NMR spectra of S. flavescens harvested from various areas. The black, white, gray and shaded squares correspond to the contribution of 
PC1, PC2, PC3 and the residuals, respectively. 
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Figure 3: 1H NMR spectra of the diethyl ether soluble fraction of Japanese 
and Chinese S. flavescens. An arrow indicates characteristic signals for 
Japanese S. flavescens. 
 
 
 
 
 
 
 
 
 
 
Figure 4: The structures of kurarinol (1) and kushenol H (2). 
 
220 nm, the flow rate 1.0 mL min-1, and the column temperature 
was maintained at 30OC. Gradient elution was achieved with solvent 
A (0.1% formic acid in water, v/v) and solvent B (acetonitrile 
containing 0.1% formic acid, v/v). The gradient program was: 5% 
solvent B for 3min, 5% to 100% over 15min, then 100% B for 
15min.  
 
Preparation of S. flavescens root extracts for NMR analysis: 
Each of 16 batches of dried root of S. flavescens was extracted with 
methanol for 3 h under reflux. The methanolic extract was 
evaporated in vacuo and the residue dissolved in water. The 
aqueous soluble fraction was partitioned with diethyl ether. After 
evaporation of the diethyl ether, DMSO-d6 was added to provide a 
residue concentration of 10 mg/mL. The samples were analyzed 
using 1H NMR spectroscopy.  
 
NMR spectroscopy: 1H NMR spectra were recorded at room 
temperature on a 400 MHz Agilent-400MR-vnmrs 400 spectrometer 
(Agilent). Each spectrum consisted of 65,536 complex data points 
and a spectral width of 6,410.3Hz, obtained by 16 scans with a 
repetition time of 5.0 sec and a relaxation delay of 1.50 sec per scan. 
The detection pulse flip angle was set at 45°. 
 
NMR data reduction procedures and pattern recognition analysis: 
Each NMR spectrum was regimented into 375 regions, 0.04 ppm 
wide, over the range -1.50 to 13.5 ppm. Each segment of the 
spectral regions (bucket) was integrated. Any integrated regions 
from 2.40 to 3.45 ppm that contained solvent or water signals were 
eliminated from the data table, then the total data were reduced to 
348 regions. The remaining integral values of each spectrum were 
normalized over 100 total summed integrals to compensate for any 
differences in concentration between S. flavescens extracts. Spectral 
processing was performed using ALICE2 for Metabolome version 
5.0 software (JEOL). 
 
Isolation and identification of kurarinol (1) and kushenol H (2): 
Dried roots of S. flavescens (256.3 g), collected at Sagamihara, 
Japan, were extracted with methanol (300 mL) for 3 h under reflux. 
This extraction was repeated 3 times. The combined methanolic 
extract (33.7 g) was suspended in water and fractionated between 
diethyl ether and water to give the corresponding soluble layers. 
The diethyl ether layer (1.0 g) was chromatographed on a silica gel 
60 (Merck) column using gradient elution with a chloroform-
methanol mixture (chloroform: methanol = 100:1  50:1  10:1 
 1:1) to afford 4 fractions (Fr. A 262.2 mg, Fr. B 113.1 mg, Fr. C 
419.1 mg and Fr. D 108.8 mg). Fr. C was further purified using 
ODS HPLC (Senshu Pak ODS-4151-N, 10 x 150 mm, 40% 
aqueous acetonitrile, isocratic) to give compounds 1 (8.7 mg) and 2 
(6.4 mg). 
 
References 
 
[1] Shirataki Y, Motohashi N. (2009) Flavonoids in Sophora Species. In Bioactive Heterocycles VII: Flavonoids and Anthocyanins in Plants, and 
Latest Bioactive Heterocycles II (Topics in Heterocyclic Chemistry). Vol. 16, Motohashi M. (Ed). Springer, Heidelberg, Germany, 41-91. 
[2] Ueno A, Morinaga K, Fukushima S, IItaka Y, Koiso Y, Okuda S. (1975) Studies on lupin alkaloid. VI. Isolation and structure of (+)-isomatrine. 
Chemical and Pharmaceutical Bulletin, 23, 2560-2566.  
[3] Hatayama K, Komatsu M. (1971) Studies on the constituents of Sophora species. V. Constituents of the root of Sophora angustifolia Sieb. et Zucc. 
(2). Chemical and Pharmaceutical Bulletin, 19, 2126-2131. 
[4] Verpoorte R, Choi YH, Kim HK. (2007) NMR-based metabolomics at work in phytochemistry. Phytochemistry Reviews, 6, 3-14. 
[5] Verpoorte R, Choi YH, Mustafa RN, Kim HK. (2008) Metabolomics: back to basics. Phytochemstry Reviews, 7, 525-537. 
[6] Kim HK, Saifullah, Khan S, Wilson GE, Prat Kricun DS, Meissner A, Goraler S, Deedler MA, Choi YH, Verpoorte R. (2010) Metabolic 
classification of South America Ilex species by NMR-based metabolomics. Phytochemistry, 71, 773-784. 
[7] Fukuda E, Yoshida M, Baba M, Uesawa Y, Suzuki R, Kamo O, Tsubono K, Arifuku K, Yatsunami K, Okada Y. (2011) Application to classification 
of mulberry leaves using multivariate analysis of proton NMR metabolomic data. Natural Product Communications, 6, 1621-1625. 
[8] Fukuda E, Baba M, Uesawa Y, Kamo O, Arifuku K, Tsubono K, Okada Y. (2012) Application of mixture analysis to crude materials from natural 
resources (III): NMR spectral studies to analyze chalcones from Angelica keiskei. Natural Product Communications, 7, 21-23. 
[9] Fukuda E, Baba M, Iwasaki N, Uesawa Y, Arifuku K, Kamo O, Tsubono K, Okada Y. (2010) Identification of Glycyrrhiza species by direct 
analysis in real time mass spectrometry. Natural Product Communications, 5, 1755-1758. 
[10] Kyogoku K, Hatayama K, Komatsu M. (1973) Constituents of Chinese crude drug “Kushen” (the root of Sophora flavescens Ait.). Isolation of five 
new flavonoids and formononetin. Chemical and Pharmaceutical Bulletin, 21, 2733-2738. 
[11] Wu L, Miyase T, Ueno A, Kuroyanagi M, Noro T, Fukushima S. (1985) Studies on the constituents of Sophora flavescens Ait. III. Yakugaku 
Zasshi, 105, 736-741. 
5.0 0.02.57.510.012.5
Tokushima (Japan)
Shiga (Japan)
Hangzhou_3 (China)
Beijin_3 (China)
PCA projection
Tokushima (Japan)
Shiga (Japan)
Hangzhou_3 (China)
Beijin_3 (China)
PCA projection
1.25 1.00 0.75
O
O
OH
H3CO
HO
HO
OH
O
O
OH
H3CO
HO
HO
OH
OH
kurarinol (1) kushenol H (2)

Natural Product Communications Vol. 7 (11) 2012 
Published online (www.naturalproduct.us) 
 
 
Effect of 1,5-Anhydro-D-Fructose on the Inhibition of Adipogenesis in 3T3-L1 Adipocytes 
Akiko Kojima-Yuasa, Yohei Deguchi, Yotaro Konishi and Isao Matsui-Yuasa       1501 
 
Preparation of a Novel Glucuronomannan from Auricularia auricala and its Immunological Activity 
Zonghong Li, Dan Jiang, Hongtao Bi, Dazheng Liu, Sungju Jang and Yifa Zhou      1507 
 
Microwave-Assisted Isolation of Essential Oils from Nepeta crispa and N. racemosa and Comparisons with the  
Conventional Method 
Ameneh Porgham Daryasari, Mojtaba Soleimani, Azam Ghorbani, Homayon Kheiri and Mohammad Porgham Daryasari   1511 
 
Composition of the Essential Oils from Peucedanum cervaria and P. alsaticum Growing Wild in the Urban Area of  
Vienna (Austria) 
Remigius Chizzola            1515 
 
Volatile Oil Constituents of Different Parts of Artemisia chamaemelifolia and the Composition and Antibacterial Activity of the  
Aerial Parts of A. turcomanica from Iran 
Shiva Masoudi, Abdolhossein Rustaiyan and Maryam Vahedi        1519 
 
Volatile Composition and Biological Activity of Key Lime Citrus aurantifolia Essential Oil 
Federica Spadaro, Rosaria Costa, Clara Circosta and Francesco Occhiuto       1523 
 
Chemical Composition, Antioxidant Properties and Antimicrobial Activity of the Essential Oil of Murraya paniculata Leaves  
from the Mountains of Central Cuba 
Elisa Jorge Rodríguez, Guillermo Ramis-Ramos, Yvan Vander Heyden, Ernesto F. Simó-Alfonso, María Jesús Lerma-García,  
Yanelis Saucedo-Hernández, Urbano Monteagudo, Yeni Morales, Beatriz Holgado and José Manuel Herrero-Martínez   1527 
 
Chemical Composition and Anti-proliferative Properties of Bursera graveolens Essential Oil 
Lianet Monzote, Gabrielle M. Hill, Armando Cuellar, Ramón Scull and William N. Setzer     1531 
 
Caryophyllene-Rich Essential Oil of Didymocarpus tomentosa: Chemical Composition and Cytotoxic Activity 
Prameela Javarayi Gowda, Hanumanthaiah Ramakrishnaiah, Venkatarangaiah Krishna, Sivakrishna Narra  and Nataraj Jagannath  1535 
 
Effects of Inhaled Lavender Essential Oil on Stress-Loaded Animals: Changes in Anxiety-Related Behavior and Expression 
Levels of Selected mRNAs and Proteins 
Mizuho Takahashi, Akiharu Yoshino, Ayako Yamanaka, Chihiro Asanuma, Tadaaki Satou, Shinichiro Hayashi, Yoshinori Masuo,  
Kiyomi Sadamoto and Kazuo Koike          1539 
 
Review/Account 
 
Trichoderma Secondary Metabolites that Affect Plant Metabolism 
Francesco Vinale, Krishnapillai Sivasithamparam, Emilio L. Ghisalberti, Michelina Ruocco, Sheridan Woo and Matteo Lorito  1545 
 
An Inside to the Better Understanding of the Ethnobotanical Route to Drug Discovery- the Need of the Hour 
Vivekananda Mandal, Velmani Gopal and Subhash C. Mandal        1551
Natural Product Communications 
2012 
Volume 7, Number 11 
 
Contents 
 
Original Paper            Page 
 
Conformational Analysis of Antistaphylococcal Sesquiterpene Lactones from Inula helenium Essential Oil 
Polina D. Blagojević and Niko S. Radulović          1407 
 
Ophiobolin O and 6-Epi-ophiobolin O, Two New Cytotoxic Sesterterpenes from the Marine Derived Fungus Aspergillus sp. 
Dahai Zhang, Seketsu Fukuzawa, Masayuki Satake, Xianguo Li, Takafumi Kuranaga, Ai Niitsu, Kentaro Yoshizawa and  
Kazuo Tachibana            1411 
 
Anti-Human Coronavirus (anti-HCoV) Triterpenoids from the Leaves of Euphorbia neriifolia 
Fang-Rong Chang, Chiao-Ting Yen, Mohamed EI-Shazly, Wen-Hsun Lin, Ming-Hong Yen, Kuei-Hsiang Lin and Yang-Chang Wu  1415 
 
30-Normedicagenic Acid Glycosides from Chenopodium foliosum 
Paraskev T. Nedialkov, Zlatina Kokanova-Nedialkova, Daniel Bücherl, Georgi Momekov, Jörg Heilmann, and Stefan Nikolov  1419 
 
A New Monodesmosidic Triterpenoid Saponin from the Leaves of Pometia pinnata 
Faryal Vali Mohammad, Mushtaq Noorwala, Viqar Uddin Ahmad, Aqib Zahoor and Nordin HJ. Lajis    1423 
 
Antiproliferative Oleanane Saponins from Dizygotheca elegantissima 
Antonio Vassallo, Mariasabina Pesca, Letizia Ambrosio, Nicola Malafronte, Nadia Dekdouk Melle, Fabrizio Dal Piaz and  
Lorella Severino            1427 
 
New Holostan-type Triterpene Glycosides from the Sea Cucumber Apostichopus japonicus 
Zenglei Wang, Wei Gong, Guoquan Sun, Hua Tang, Baoshu Liu, Ling Li, Yanghua Yi and Wen Zhang    1431 
 
Freshwater Clam Extract Inhibits Inflammatory Responses in LPS-activated Macrophages by Reducing the Activation of  
Mitogen-activated Protein Kinases and NF-κB 
Kuo-Feng Hua, Guan-Ming Chen, Chen-Lung Ho, Ming-Chung Chen, Yi-Lin Sophia Chen, Wei-Jung Chen, Jeng-Fang Huang,  
Yuan-Shing Perng and Chai-Ching Lin          1435 
 
A New Monoterpenoid Oxindole Alkaloid from Hamelia patens Micropropagated Plantlets 
David Paniagua-Vega, Carlos M. Cerda-García-Rojas, Teresa Ponce-Noyola and Ana C. Ramos-Valdivia    1441 
 
Preparation of O-Methyl Substituted 2-Oxofuro- and 2-Oxopyrrolidinoindolines by Reductive Lactonization of 
Oxindol-3-ylacetic Acids 
Martha S. Morales-Ríos, Ernesto Rivera-Becerril, Perla Y. López-Camacho, Nadia A. Pérez-Rojas and Oscar R. Suárez-Castillo  1445 
 
Classification Using NMR-based Metabolomics of Sophora flavescens Grown in Japan and China 
Ryuichiro Suzuki, Yuriko Ikeda, Akari Yamamoto, Toyoe Saima, Tatsuya Fujita, Tatsuo Fukuda, Eriko Fukuda, Masaki Baba,  
Yoshihito Okada and Yoshiaki Shirataki          1453 
 
Treatment of Licorice Seeds with Colchicine: Changes in Seedling DNA Levels and Anthocyanin and Glycyrrhizic Acid  
Contents of Derived Callus Cultures 
Françoise Bernard, Nahid Moghbel and Sahar Hassannejad        1457 
 
Effects of Anhydroicaritin and 2″-Hydroxy-3″-en-anhydroicaritin on the Proliferation and Differentiation of  
MC3T3–E1 Osteoblasts 
Yanping Li, Xuehui Zhang, Hui Peng, Rongtao Li and Xuliang Deng       1461 
 
Chemical and Biological Investigation of Some Secondary Metabolites in Atriplex halimus Growing in Egypt 
Amal Kabbash and Nagwa Shoeib          1465 
 
Flavonoids in Selected Primula spp.: Bridging Micromorphology with Chemodiversity 
Tshering Doma Bhutia, Karin M. Valant-Vetschera, Wolfram Adlassnig and Lothar Brecker     1469 
 
Neohesperidin Induces Cellular Apoptosis in Human Breast Adenocarcinoma MDA-MB-231 Cells via Activating the  
Bcl-2/Bax-mediated Signaling Pathway 
Fei Xu, Jia Zang, Daozhen Chen, Ting Zhang, Huiying Zhan, Mudan Lu and Hongxiang Zhuge     1475 
 
Rotenoid Derivatives from Derris trifoliata with Nitric Oxide Production Inhibitory Activity 
Chihiro Ito, Tomiyasu Murata, Hugh T.-W. Tan, Norio Kaneda, Hiroshi Furukawa and Masataka Itoigawa    1479 
 
Bioactive Compounds and Antioxidative, Antileukemic and Anti-MMPs Activity of Eleutherococcus Species Cultivated  
in Poland 
Daniel Załuski, Helena D. Smolarz and Urszula Gawlik-Dziki        1483 
 
Chemical Profile, Radical Scavenging and Cytotoxic Activity of Yellow Gentian Leaves (Genitaneae luteae folium) Grown  
in Northern Regions of Montenegro 
Jasmina Balijagić, Teodora Janković, Gordana Zdunić, Jelena Bošković, Katarina Šavikin, Dejan Gođevac, Tatjana Stanojković,  
Miodrag Jovančević and Nebojša Menković          1487 
 
Thymus mastichina: Chemical Constituents and their Anti-cancer Activity 
Joana Gordo, Patrícia Máximo, Eurico Cabrita, Ana Lourenço, Abel Oliva, Joana Almeida, Mariana Filipe, Pedro Cruz, Rita Barcia,  
Miguel Santos and Helder Cruz           1491 
 
Bioactive Lipids Metabolites in Amanita virosa 
Francesca Cateni, Marina Zacchigna, Bojan Doljak, Marko Anderluh, Giuseppe Procida and Andrej Piltaver    1495 
 
Glycoglycerolipids from Stellera chamaejasme 
Liping Liu, Junqi Zhang, Xiaoyang Wang and Hongbing Wang        1499 
 
 
 
Continued inside Backcover 
 
 
